
NASA/CP—1998–206900

Tether Technology Interchange Meeting
J.K. Harrison, Compiler
Marshall Space Flight Center, Marshall Space Flight Center, Alabama

January 1998

National Aeronautics and
Space Administration
CN31S
George C. Marshall Space Flight Center
Marshall Space Flight Center, Alabama
35812

Proceedings of a meeting sponsored by
NASA Marshall Space Flight Center
and held in Huntsville, Alabama
September 9–10, 1997



Since its founding, NASA has been dedicated to
the advancement of aeronautics and space
science. The NASA Scientific and Technical
Information (STI) Program Office plays a key
part in helping NASA maintain this important
role.

The NASA STI Program Office is operated by
Langley Research Center, the lead center for
NASA’s scientific and technical information. The
NASA STI Program Office provides access to the
NASA STI Database, the largest collection of
aeronautical and space science STI in the world. The
Program Office is also NASA’s institutional
mechanism for disseminating the results of its
research and development activities. These results
are published by NASA in the NASA STI Report
Series, which includes the following report types:

• TECHNICAL PUBLICATION. Reports of
completed research or a major significant phase
of research that present the results of NASA
programs and include extensive data or
theoretical analysis. Includes compilations of
significant scientific and technical data and
information deemed to be of continuing reference
value. NASA’s counterpart of peer-reviewed
formal professional papers but has less stringent
limitations on manuscript length and extent of
graphic presentations.

• TECHNICAL MEMORANDUM. Scientific and
technical findings that are preliminary or of
specialized interest, e.g., quick release reports,
working papers, and bibliographies that contain
minimal annotation. Does not contain extensive
analysis.

• CONTRACTOR REPORT. Scientific and
technical findings by NASA-sponsored
contractors and grantees.

• CONFERENCE PUBLICATION. Collected
papers from scientific and technical conferences,
symposia, seminars, or other meetings sponsored
or cosponsored by NASA.

• SPECIAL PUBLICATION. Scientific, technical,
or historical information from NASA programs,
projects, and mission, often concerned with
subjects having substantial public interest.

• TECHNICAL TRANSLATION.
English-language translations of foreign scientific
and technical material pertinent to NASA’s
mission.

Specialized services that complement the STI
Program Office’s diverse offerings include creating
custom thesauri, building customized databases,
organizing and publishing research results…even
providing videos.

For more information about the NASA STI Program
Office, see the following:

• Access the NASA STI Program Home Page at
http://www.sti.nasa.gov

• E-mail your question via the Internet to
help@sti.nasa.gov

• Fax your question to the NASA Access Help
Desk at (301) 621–0134

• Telephone the NASA Access Help Desk at (301)
621–0390

• Write to:
NASA Access Help Desk
NASA Center for AeroSpace Information
800 Elkridge Landing Road
Linthicum Heights, MD 21090–2934

The NASA STI Program Office…in Profile



i

NASA/CP—1998–206900

Tether Technology Interchange Meeting
J.K. Harrison, Compiler
Marshall Space Flight Center, Marshall Space Flight Center, Alabama

January 1998

National Aeronautics and
Space Administration

Marshall Space Flight Center

Proceedings of a meeting sponsored by
NASA Marshall Space Flight Center
and held in Huntsville, Alabama
September 9–10, 1997



ii

Available from:

NASA Center for AeroSpace Information National Technical Information Service
800 Elkridge Landing Road 5285 Port Royal Road
Linthicum Heights, MD 21090–2934 Springfield, VA 22161
(301) 621-0390 (703) 487–4650



iii

TABLE OF CONTENTS

SESSION I—RECENT MISSION RESULTS

Session Chair: J. Ballance, Marshall Space Flight Center

A Review of Scientific and Technological Results from the TSS-1R Mission
N.H. Stone (Marshall Space Flight Center); K.H. Wright and J.D. Winningham (Southwest
Research Institute); K. Papadapolous (Science Applications International Corporation);
T.X. Zhang, K.S. Hwang, and S.T. Wu (The University of Alabama in Huntsville); and U. Samir
(Tel Aviv University) ........................................................................................................................ 1

TiPS: Results of a Tethered Satellite System
J. Barnds (Swales Aerospace); B. Kelm, S. Coffey, and B. Purdy (Naval Research Lab);
and M. Davis (Allied Signal Technical Services Corp.) ................................................................... 13

Tethered Satellite System Time Domain Observer Development for STS-75 Mission
H. Biglari (Boeing Company) .......................................................................................................... 31

STS-75/TSS-1R Tether Control & Dynamics Operations
J.L. Williams, Jr. (United Space Alliance) ........................................................................................ 41

The Dynamics of the TiPS Tether Experiment
J.R. Glaese (Control Dynamics Division of bd Systems) ................................................................ 51

SESSION II—PLANNED MISSIONS

Session Chair: V. Keller, Marshall Space Flight Center

The BOLAS Mission
H.G. James (Communications Research Centre) ............................................................................. 71

Propulsive Small Expendable Deployer System (ProSEDS) Space Demonstration
L. Johnson and J. Ballance (Marshall Space Flight Center) ............................................................. 103

The “Terminator Tether :” A Near-Term Commercial Application of the NASA/MSFC
ProSEDS Experiment
R.L. Forward and R.P. Hoyt (Tethers Unlimited); and C. Uphoff (ACTA Consulting Group) ........ 109

The YES Satellite: A Tethered Momentum Transfer in the GTO Orbit
M. Kruijff and E.J. van der Heide (ESA/ESTEC) ............................................................................ 131

Experiments in Tether Dynamics Planned for ATEx’s Flight
M.F. Zedd (Naval Research Laboratory) ..........................................................................................    149



iv

SESSION III—FUTURE MISSIONS

Session Chair: E. Lorenzini (SAO)

A Station Tethered Express Payload System (STEPS)
J.A. Carroll (Tether Applications) .................................................................................................... 187

Multiple Tethered Satellites for Ionospheric Studies (MTSIS)
B. Gilchrist (University of Michigan) and R.A. Heelis (University of Texas at Dallas).................. 191

Tethered Satellite Investigations of the Ionosphere and Lower Thermosphere
R.A. Heelis (University of Texas at Dallas) ..................................................................................... 205

Space Tethers Design Criteria
D.D. Tomlin, G.C. Faile, K.B. Hayashida, C.L. Frost, C.Y. Wagner, M.L. Mitchell,
J.A. Vaughn, and M.J. Galuska (Marshall Space Flight Center) ...................................................... 223

GRADSAT: A Danish Geomagnetic Gradient Mission
J. Merayo (Technical University of Denmark) ................................................................................. 239

SESSION IV—TRANSPORTATION

Session Chair: J. Glaese (Control Dynamics/bd Systems)

Tether Transport System Study Summary
D. Vonderwell, M. Bangham, H. Dionne, B. Fleming, B. Klus, K. Herring, E. Suggs, and
L. Walker (Boeing); E. Lorenzini, M.L. Cosmo, and M. Kaiser (Smithsonian Astrophysical
Observatory); L. Vestal, L. Johnson, and C. Carrington (Marshall Space Flight Center) ................ 255

Tether System for Exchanging Payloads Between the International Space Station
and the Lunar Surface
R.P. Hoyt (Tethers Unlimited) .......................................................................................................... 271

Orbiter-Towed Reboost for ISS
C. Carrington and V. Keller (Marshall Space Flight Center) ........................................................... 286

Application of an Electrodynamic Tether System to Reboost the International Space Station
I.E. Vas, T.J. Kelly, and E. Scarl (Boeing Company) ....................................................................... 305

An Overview of Electrodynamic Tether Performance in the Jovian System
D.L. Gallagher, (Marshall Space Flight Center); F. Bagenal (University of Colorado);
J. Moore (SRS Technologies); and L. Johnson (Marshall Space Flight Center) .............................. 335



v

SESSION V—ADVANCED TETHER TECHNOLOGY

Session Chair: K.J. Welzyn (Marshall Space Flight Center)

Oedipus-C Mission Tether Dynamics Result
A.M. Jablonski and F.R. Vigneron (Canadian Space Agency); G. Tyc (Bristol Aerospace
Limited); and H.G. James (Communications Research Centre) ...................................................... 347

The Hoytether: A Failsafe Multiline Space Tether Structure
R.P. Hoyt and R.L. Forward (Tethers Unlimited) ............................................................................. 369

Technology of Bare Tether Current Collection
R.D. Estes (Smithsonian Astrophysical Observatory); J.R. Sanmartin (Universidad
Politecnica de Madrid); and M. Martinez-Sanchez (Massachusetts Institute of Technology) ......... 379

Validity of the Orbital-Motion-Limited Regime of Cylindrical Probes
J.R. Sanmartin (Universidad Politecnica de Madrid) and R.D. Estes (Harvard-Smithsonian
Center for Astrophysics) ................................................................................................................... 399

POSTER SESSION

Response of Electrodynamic Tethers in Ionospheric Plasma Due to Step Changes
in Voltage
S.G. Bilen and B.E. Gilchrist (University of Michigan) .................................................................. 421

Ferromagnetically Screened Reverse Conductor (FSRC)-Tether: A New Tether Principle
G. Liebscher (Electronic Components Consultants-Germany) ........................................................ 435

Past, Present, and Future Activity on Tethered Systems
F. Angrilli, R. Basso, G. Bianchini, S. Bortolami, R. DaForno, S. Debei, G. Fanti,
F. Reccanello, B. Saggin, and A. Zago (University of Padua-Italy) ................................................. 439















































































































































































































































































































































































































































































































































































































































































































































































































































































































































vii

REPORT DOCUMENTATION PAGE Form Approved
OMB No. 0704-0188

Public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources,
gathering and maintaining the data needed, and completing and reviewing the collection of information.  Send comments regarding this burden estimate or any other aspect of this
collection of information, including suggestions for reducing this burden, to Washington Headquarters Services, Directorate for Information Operation and Reports, 1215 Jefferson
Davis Highway, Suite 1204, Arlington, VA 22202-4302, and to the Office of Management and Budget, Paperwork Reduction Project (0704-0188), Washington, DC 20503

1.	 AGENCY USE ONLY (Leave Blank)

17.	 SECURITY CLASSIFICATION
	 OF REPORT

NSN 7540-01-280-5500 Standard Form 298 (Rev. 2-89)
Prescribed by ANSI Std. 239-18
298-102

14.	 SUBJECT TERMS

13.	 ABSTRACT (Maximum 200 words)

12a.	 DISTRIBUTION/AVAILABILITY STATEMENT

11.	 SUPPLEMENTARY NOTES

6.	 AUTHORS

7.	 PERFORMING ORGANIZATION NAMES(S) AND ADDRESS(ES) 8.	 PERFORMING ORGANIZATION
	 REPORT NUMBER

9.	 SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10.	 SPONSORING/MONITORING
	 AGENCY REPORT NUMBER

4.	 TITLE AND SUBTITLE 5.	 FUNDING NUMBERS

12b.	 DISTRIBUTION CODE

18.	 SECURITY CLASSIFICATION
	 OF THIS PAGE

19.	 SECURITY CLASSIFICATION
	 OF ABSTRACT

20.	 LIMITATION OF ABSTRACT

16.	 PRICE CODE

15.	 NUMBER OF PAGES

2.	 REPORT DATE 3.	 REPORT TYPE AND DATES COVERED

January 1998 Conference Publications

Tether Technology Interchange Meeting

James K. Harrison, Compiler

George C. Marshall Space Flight Center
Marshall Space Flight Center, AL  35812 M–847

NASA/CP–1998–206900

Prepared by Program Development Directorate

Unclassified-Unlimited
Subject Category 12
Standard Distribution

	 This is a compilation of 25 papers presented at a tether technical interchange meeting in
Huntsville, AL, on September 9–10, 1997. After each presentation, a technical discussion was 
held to clarify and expand the salient points. A wide range of subjects was covered including
tether dynamics, electrodynamics, space power generation, plasma physics, ionospheric physics,
towing tethers, tethered reentry schemes, and future tether missions.

                       tether, tether dynamics, tether design, electrodynamics,
plasma physics, ionospheric physics, space power generation,
future tether missions

Unclassified Unclassified Unclassified Unlimited

462

A20

National Aeronautics and Space Administration
Washington, DC  20546-0001


